. EphA2 is a positive regulator of MT1-MMP-driven tumor cell invasion into collagen. (A) Relative MT1-MMP and EphA2 protein expression was assessed by immunoblotting in nine human breast carcinoma cell lines (error bars indicate mean ± SEM, n = 3). (B) Relative EphA2 mRNA expression was assessed by qPCR after stable gene silencing by five lentiviral shRNAs against EphA2 (n = 2). (C) Relative expression of mRNAs for MT1-MMP and EphA2 were detected by qPCR after stable knockdown of EphA2 or MT1-MMP by lentiviral shRNAs in the four invasive cell lines as indicated (error bars indicate mean ± SEM; n = 3). (D) The Src kinase inhibitor PP2 reduces MDA-MB-231 cell invasion. The cells were incubated with the Src kinase inhibitor PP2 (5 µM) for 2 h, and relative invasion was quantified (error bars indicate mean ± SEM, n = 3). Relative invasion of the control cells was set to one. (E) Immunoblotting for phosphorylated (pSrc) and total Src after PP2 treatment (n = 3). (F) MT1-MMP overexpression rescues invasion of EphA2 knockdown MDA-MB-231 cells (error bars indicate mean ± SEM, n = 3). Relative invasion of the control cells was set to one. P-values were determined with a Mann-Whitney U test. Analysis of the motile cell behavior was performed to verify how the motion of a cell changes as a result of a collision compared with the spontaneous changes of free-moving cells as previously described (Paddock and Dunn, 1986) . The path of colliding cells is tracked, by ImageJ manual Track PlugIn, at time point t  t (position A), t (contact point), and t + t (position B). Free-moving cells are also tracked for the same time period. The path obtained is then plotted within a Cartesian plane with its origin O (0,0), coincident with the contact point, the position A and position B having coordinates (X 1 ,Y 1 ) and (X 2 ,Y 2 ), respectively. The displacements of a cell during the interval from t  t to t and from t to t + t are represented as vectors "a" ( ) AO    and "b" ( ) OB    , respectively. By concomitantly rotating vectors a and b anticlockwise through an angle  1 about the origin, as shown in the figure, the displacement of each cell before collision is set as a vector with known components (a,0). The vector b-a represents the change in motion of the cell and the component Cx of vector b-a represents the difference between how far the cell has progressed in the direction of A and how far it would have gone had there been no collision. Given the fact that each cell moves with a certain speed, its change in direction can be defined as "contact acceleration index (Cx)" and it is calculated as Cx = (a  x 2 )/t 2 . The component Cx of the vector b-a is obtained as a negative value because it lies in a direction opposite to that of A, indicating that a more negative Cx value implies a greater response of contact-mediated repulsion. The statistical significance between the mean Cx values of free-moving cells and colliding cells is validated using a Mann-Whitney U test. Furthermore, the mean velocity over the double interval 
